An association between adult short stature and Type II (non-insulin-dependent) diabetes mellitus has been reported previously [1, 2] . More recently, short stature has also been related to gestational diabetes (GDM) in Korea and Greece [3, 4] .
(descendants of Africans) and mixed (descendants of a mixture of Europeans, Africans and native Brazilians). Native Brazilians and those of oriental descent are much less frequent. Because of small numbers, 25 women of these latter two groups were excluded; 566 were excluded due to incomplete data. Results pertain to the baseline data of the remaining 4973 women.
At enrolment, a standardised questionnaire was completed and anthropometric measurements were obtained in duplicate according to a standard protocol [5] . A standardised 2-h, 75-g oral glucose tolerance test (OGTT) was done according to the World Health Organisation (WHO) recommendations [6] . Fasting, 1-h and 2-h plasma glucose were measured using the glucose-oxidase method [7] in certified laboratories at each centre. Patients were informed of the nature of the study and consented to participate. Local institutional ethics committees approved the study protocol.
Gestational diabetes was defined according to the WHO, i. e., fasting 7.0 mmol/l or more and/or 2-h 7.8 mmol/l or more [8] . Global adiposity was assessed by the sum of four skin-fold thicknesses (bicipital, tricipital, subscapular and suprailiac).
Odds of GDM were estimated through logistic regression models, height being the main exposure. Covariates were sequentially added to the models and their inclusion in final models was based on statistical significance (p < 0.05) of each covariate or their individual contribution to the change in magnitude of the association under study or both. Similar analyses were done separately in the two sample strata defined by the median sum of skin-folds.
Further models estimated odds of gestational hyperglycaemia when the condition was defined separately by a high glucose concentration at each moment of the OGTT, as follows: 2-h glycaemia 7.8 mmol/l or more, 1-h 9.2 mmol/l or more and fasting 5.5 mmol/l or more, the latter two cut points representing the same centile as 7.8 mmol/l for 2-h glycaemia.
Statistical analyses were done with the SPSS statistical package [9] .
Results
The clinical and physical characteristics of the 4973 women studied are shown for the whole sample and separately for those in the lowest quartile ( £ 151 cm) and in the three remaining quartiles of height ( Table 1) . As expected, the shortest women were lighter and had smaller waist circumferences but the two height groups had similar body mass indices. Shorter women also tended more frequently to be of black skin colour, multiparous, with lower educational status, and less frequently to have a known family history of diabetes. Mean height ( SD) for the whole sample is 155.7 ( 6.5) cm.
Crude prevalences of gestational diabetes decreased with increasing maternal height (Fig. 1 ). This inverse association is present for 1-h and 2-h glucose but not for fasting values (Fig. 2) . Consistent with this finding, Pearson correlation coefficients for maternal height with fasting, 1-h and 2-h glucose concentrations were ±0.03 (NS), ±0.08 (p < 0.001) and ±0.12 (p < 0.001), respectively.
Results of logistic regression analyses for the relation between quartiles of maternal height and gesta- Table 2 ). When we stratified the study subjects according to the median value of the sum of skin-fold thicknesses, this association remained significant only for the more obese (in lean: OR = 1.22, 95 % CI = 0.67±2.24; in obese: OR = 1.74, 95 % CI = 1.17±2.59).
We next examined gestational hyperglycaemia defined separately at each moment of the OGTT. Results for high 2-h glycaemia ( ³ 7.8 mmol/l) were similar (OR = 1.61, 95 % CI = 1.16±2.23, p = 0.005) to those described above for GDM. High-fasting glycaemia ( ³ 5.5 mmol/l) showed, however, no association with maternal short stature (OR = 0.97, 95 % CI = 0.70±1.38, p = 0.90). The association of maternal short stature with high 1-h glycaemia ( ³ 9.2 mmol/l) was of intermediate strength and of borderline significance (OR = 1.37, 95 % CI = 0.97±1.92, p = 0.07).
Discussion
Our results confirm previous observations in Korean and Greek women [3, 4] that maternal short stature is independently associated with gestational diabetes.
In our sample, the shortest women presented the least favourable socio-economic indicators; they had poorer educational status and were more frequently of black skin colour. This might suggest that the major cause of short stature in these women was fetal or early childhood undernourishment or both. Inadequate intake of calories or protein or both represent the most common cause of failure to grow worldwide [10] . Thus, according to the ªthrifty phenotypeº hypothesis [11, 12] , the same adaptative alterations that protected these women from undernourishment during their early development could have led them to short stature, as well as to glucose intolerance, in this study assessed by gestational diabetes.
Alternatively, it is possible that a genetically determined insulin effect could lead to both failure to grow and to diabetes [13, 14] . In this case, the short stature seen could be a reflection of the so-called ªthrifty genotypeº [15±17] , that contributed to survival of our ancestors and now predisposes an important fraction of the current generation of Brazilian women to gestational diabetes.
In this study, the association between short stature and GDM was observed only among women with above-median fat mass, as estimated by skin-fold thicknesses. This finding corroborates similar observations in several studies. One showed that adult men whose weight in the first year of life was below the median and whose present body mass index (BMI) was above the median tended more frequently to have impaired glucose tolerance and diabetes than the other subjects [18] . In a cohort of 70-year-old men, only those in the highest tertile of BMI showed an association between low birth weight and poor insulin sensitivity [19] . Similar results were described in 7-year-old children with low birth weight. Those among them who had gained more weight during childhood had higher post-load insulin concentrations [20] . The sum of these results support the hypothesis that it is principally when the ªthriftyº metabolism is associated with later excess weight gain that it leads to impaired glucose tolerance and diabetes.
We also observed that the 2-h, post-load but not fasting glycaemia was related to short stature. These results corroborate previously published, but not discussed findings about the relation of adult height or fetal exposure to famine with glycaemic and insulinaemic levels [1, 3, 21] . An inverse correlation between height and 2-h, post-load glycaemia, but none between height and fasting glycaemia in adults has been shown in the United Kingdom [1] . The same was described in pregnant Korean women; a negative association of height with 3-h, post-load but not with fasting glycaemia and insulinaemia [3] . Also, adults exposed to famine in the Netherlands during the prenatal period similarly presented higher 2-h, post-load but not fasting glycaemia and insulinaemia [21] .
Differences in prognostic relevance of fasting and post-load glycaemia have received great attention recently, with epidemiological studies suggesting considerably greater prognostic value for post-load measurements in the prediction of mortality and cardiovascular events [22, 23] . The abnormalities seen in the postprandial period in lipid and carbohydrate metabolism in those with insulin resistance provide a pathophysiologic basis for such greater predictive ability. The associations observed with post-load glycaemia, but not with fasting, might suggest that alterations in the postprandial metabolism are responsible for the ªthriftyº characteristics.
In conclusion, in Brazil, a developing society with a quite heterogeneous population in which women currently of childbearing age were often exposed to undernourishment and frequent infections in their fetal and early neonatal lives, short stature is associated with gestational diabetes, principally in women with greater fat mass. This difference in glycaemic level is present postprandially, but not in the fasting state.
